The strong coupling constants of heavy baryons with light vector mesons are calculated in the framework of the light cone QCD sum rules using the most general form of the interpolating currents for the heavy baryons. It is shown that the sextetsextet, sextet-antitriplet and antitriplet-antitriplet transitions are described by one invariant function for each class of transitions. The values of the electric and magnetic coupling constants for these transitions are obtained.
Introduction
Experimental and theoretical studies of charmed and bottom baryons are recognized to be one of the main research areas in particle physics. During the last few years quite interesting experimental observations have been obtained in heavy hadron spectroscopy. With the help of several refined measurements, the new states are discovered both in the charm and bottom sector (for recent experimental results see review [1] ). These observations come from both the BaBar and BELLE, as well as from CDF and D/ O Collaborations. LHC opens the possibilities for the discovery and detailed study of the new baryon states [2] . The considerable progress on the experimental side, has stimulated the theoretical investigation for understanding the dynamics of heavy flavor hadrons. Careful and comprehensive theoretical studies of the experimental results on heavy hadron spectroscopy and analysis of their weak and strong decays can provide essential knowledge on the quark structure of these hadrons. The strong coupling constants of the light pseudoscalar and vector mesons with heavy baryons are the main parameters for understanding the dynamics of heavy baryons. For this reason, reliable determination of the strong coupling constants of light pseudoscalar and vector mesons with heavy baryons within QCD receives special attention. Unfortunately, at the hadronic scale, QCD becomes nonperturbative and it makes impossible to calculate these coupling constants starting from QCD Lagrangian. Therefore, for calculation of these couping constants some nonperturbative methods are needed. The QCD sum rule approach, which is based on the fundamental QCD Lagrangian, is one of the most attractive and applicable approaches [3] . In this work, we calculate the strong coupling constants of light vector mesons with heavy baryons within the light cone version of the QCD sum rules (LCSR) (for more about LCSR see [4] ). The coupling constants of pseudoscalar mesons with heavy baryons is studied in detail in the same framework in [5] .
The work is arranged in the following way. In section 2, the light cone sum rules for the coupling constants of light vector mesons with heavy baryons are obtained. In the following section, the numerical analysis of the obtained sum rules is performed and a comparison of our results with ones existing in literature is presented.
Light cone QCD sum rules for the heavy baryonlight vector meson couplings
In this section, we calculate the strong coupling constants of light-vector mesons with heavy baryons. Before starting to calculate these coupling constants few words about the SU(3) f classification of the heavy baryons are in order. Baryons with a heavy single quark belong to either antisymmetric antitriplet3 F or symmetric sextet 6 F representations. Using the symmetry properties of the wave function, the spin of the light diquark is equal to zero for the antitriplet, while it is equal to one for the sextet. For this reason the total spin of the ground state baryons is 1/2 for3 F , but it can be both 3/2 and 1/2 for 6 F . In the present work we restrict ourselves by considering only spin 1/2 heavy baryons. In order to obtain the strong coupling constants of light-vector mesons with heavy baryons within the LCSR method, we consider the following correlation function:
where the indices i and j get two values and describe the sextet-sextet (i = 1, j = 1), sextet-triplet (i = 1, j = 2) and triplet-triplet (i = 2, j = 2) transitions, respectively. In further respect, we introduce the definitions, Π (11) = Π (1) , Π (12) = Π (2) and Π (22) = Π (3) , correspondingly. Note that, the V (q) in Eq. (1) denotes the light-vector mesons (ρ, ω, K * , φ) with momentum q and η is the interpolating current of the heavy baryon. The correlation function (1) can be calculated in two different kinematical regions, namely, in terms of hadrons (phenomenological side), as well as in deep euclidean region when p 2 → −∞, in quark and gluon degrees of freedom using operator product expansion (OPE) (theoretical side). Equating both representations with the help of dispersion relations allows us to obtain the sum rules that will be used for calculation of the strong coupling constants of the light-vector mesons with heavy baryons.
The phenomenological part of the correlation function can be obtained by saturating it with hadrons which carry the same quantum numbers as their interpolating currents. Separating contribution of the ground state baryons we get,
where m 1 and m 2 are the masses of the initial and final baryons and dots represent contributions from higher states and continuum. The matrix elements appearing in Eq. (2) are defined as follows:
where λ i are the residues of the heavy baryons and ε µ are the momentum and vector polarization of the vector meson, f 1 and f 2 are the charge and magnetic form factors, respectively.
Performing summation over spins of the baryons and using Eqs. (2)- (4), we get for the phenomenological part,
The reason why we choose the structures / p/ ε/ q and (ε·p)/ p is that they show the best convergence.
In calculating the theoretical part from the QCD side, explicit expressions of the interpolating currents of heavy baryons are needed. Using the fact that the sextet (antitriplet) current should be symmetric (antisymmetric) with respect to the light quarks, the most general form of the interpolating currents for the spin-1/2 sextet and antitriplet baryons can be written in the following form, Before calculating the correlation functions responsible for all sextet-sextet-vector mesons (SSV), sextet-antitriplet-vector mesons (SAV) and antitriplet-antitriplet-vector mesons (AAV) transitions from the QCD side, we find the relations among invariant functions for each of the above-mentioned classes (see also [5] [6] [7] [8] [9] [10] ). As a result, we find that the magnetic and electric couplings for each class of transitions are described in terms of only one invariant function. Of course, the invariant functions for each class of transitions are different from each other in the general case. It should also be noted that the relations among the invariant functions are all structure independent.
After these remarks, we can proceed to establish relations among invariant functions involving the couplings of sextet-sextet transitions. Let us first consider Σ
The invariant function responsible for this transition can schematically be written as:
where we have introduced the formal notations,
The interpolating current of ρ 0 is formally written in the form,
where we have set g ρ 0b b = 0 and
Physically, each term on the right hand side of Eq. (7) 
. Using the definitions given in Eq. (8) and taking the remark after Eq. (9) into consideration, we obtain,
Obviously, in the SU(2) f limit Π 
. As a result, we obtain,
4Π
(1)
Since Σ
contains two u(d) quarks, there are four possible ways for emitting ρ 0 from the u(d) quark. Hence, the related invarian functions are obtained as:
The result for the invariant function responsible for the Ξ 
How can one find the relations among the invariant functions in the presence of the charged ρ 
Making the replacement u ↔ d, from Eq. (17) we get,
In calculating the coupling constants of SSV, SAV and AAV, it is enough to consider the transitions Σ
, since all other strong couplings can be achieved from these results with the help of corresponding replacements among the quarks. In order to obtain the correlation functions in terms of Π 1 , which describe transitions among sextet-sextet, sextet-antitriplet and antitriplet-antitriplet with other vector mesons, similar calculations can be done. These results are presented in Appendix A.
We can now proceed to calculate the invariant functions Π (i)
transitions from QCD side. These invariant functions can be calculated in deep Eucledian region −p 2 → ∞, −(p + q) 2 → ∞ using the operator product expansion. The main nonperturbative ingredient in the calculations are the distribution amplitude (DA's) of the vector mesons. These distribution amplitudes appear in determination of the matrix elements of nonlocal operators V (q) |q(x)Γq(0)| 0 and V (q) |q(x)G µν q(0)| 0 , where Γ is any Dirac matrix. Up to twist twist-4 accuracy, the expressions for the distribution functions of vector mesons can be found in [11, 12] .
In calculating the correlation functions responsible for afore-mentioned decays from QCD side, the expressions of light and heavy quark propagators are also needed. The light quark propagator in an external field is calculated in [13] whose expression is given as
where γ E ≃ 0.577 is the Euler Constant, and Λ is the scale parameter and it is chosen as the factorization scale Λ = (0.5 ÷ 1) GeV (for more detail see [14] ). The propagator for the heavy quark is [15] :
where K i are the modified Bessel function of the second kind.
Using the expressions of light and heavy quark propagators, as well as definitions of the DA's for the vector mesons, and after lengthy calculations one can obtain the correlation function from QCD part.
As has already been noted, the relations among the correlation functions for the considered transitions are structure independent, but their explicit expressions are structure dependent. For this reason we introduce new indices α in the correlation function, where α = 1 stands for the choice of the structure (ε·p)/ p and α = 2 for the structure / p/ ε/ q. Equating the coefficients of the structures, (ε·p)/ p and / p/ ε/ q for the hadronic and QCD sides and performing Borel transformations over the variables p 2 and (p + q) 2 , which suppress the contributions of the continuum and higher states, we finally get the sum rules for the strong coupling constants of light vector mesons with sextet and antitriplet heavy baryons as:
where M 2 1 and M 2 2 are the Borel parameters corresponding to the initial and final heavy baryons, respectively. In the problem under consideration the masses of the initial and final heavy baryons are very close to each other, hence we can take M
2 . Note that the residues of the sextet and antitriplet heavy baryons are calculated in [16] . This leads to the result that for numerical calculation of the sum rules, the DA's are needed to be evaluated only at
.
Numerical analysis
Having already obtained the sum rules for the strong coupling constants of light vector mesons with heavy baryons, we can now proceed evaluating them numerically. The essential ingredients of the LCSR are the DA's of the light vector mesons. Explicit expressions of DA's for the vector mesons and the values of the parameters entering to the expressions of DA's are given in [11, 12] . The residues of the heavy baryons are calculated in [16] . In addition to the DA's and other input parameters, the sum rules for SSV, SAV and AAV transitions contain three auxiliary parameters : the continuum threshold s 0 , Borel parameter M 2 and the parameter β entering the expressions of the interpolating current. For this reason we try to find such regions of these parameters where strong coupling constants are practically independent of them.
In finding the working region of M 2 , we require that the continuum and higher state contributions should be less than half of the dispersion integral, and additionally the contribution of the higher terms with the power 1/M 2 be 25% less than the total result. These two restrictions lead to the result that the "working region" of M 2 is 15 GeV Table 2 : The values of the strong coupling constants f 1 for the transitions among the sextet-sextet heavy baryons with vector mesons. fixed value of s 0 . From these figures, one can conclude that the strong coupling constants, f 1 and f 2 are practically independent of M 2 when it varies in its own 'working region". In Figs. (3) and (4) we present the dependence of f 1 and f 2 on cos θ, at three fixed values of s 0 and M 2 , where tan θ = β. We observe from these figures that when cos θ is varied in the region −0.5 ≤ cos θ ≤ 0.3, the results are insensitive to the variation of β. Tables (2) - (7), respectively. The errors presented in these Tables are due to the variation of the auxiliary parameters, as well as uncertainties in the values of the input parameters.
The results on the coupling constants of the light vector mesons with heavy baryons presented in Tables (2) - (7) lead to the following conclusions:
• For the coupling constant, f 1 : The predictions for the strong coupling constant f 1 which are obtained using the most general and Ioffe currents (β = −1) disagree considerably from each other, especially for the channels, Ξ
• For the f 2 channel: predictions of the general and Ioffe currents for the strong coupling constants of SSV and AAV show considerable differences. These discrepancies can be attributed to the fact that, β = −1 lies outside the stability region of β and it makes the predictions less reliable.
Our final remark in this section is that the coupling constants of the Ξ 2.1±0.7
1.4±0.5 Table 3 : The values of the strong coupling constants f 1 for the transitions among the sextet-antitriplet heavy baryons with vector mesons. 
